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Predicting a
community’s
risk from
lead-contam-
inated soil is
not a simple
task, but EPA
believes it
now has an
accurate and
scientifically
rigorous
approach.
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n 1988 EPA came to Throop, PA, in search of lead. A bar-
tery recycling plant that closed in 1981 had contaminated
yards and gardens for 20 years and left an average 2000 ppm
of lead in the sotl, a concentation high enough to trigger
an emergency cleanup according to Agency guidance at the
time. More than a hundred yards, gardens, and home inte-
riors were ripped up and cleaned in the $20 million cleanup, which
was welcomed by the residents and local doctors who were con-
cermned about the number of congenital anomalies und leaming
impediments in the local population.

But while EPA was clewning up Throop, another small town in
Colorado was reacting very differently to che Agency's assess-
ment, Mining activity caused the lead contamination that EPA in-
tended to clean up in Aspen’s Smuggler Mountin neighborhood
in 1986. Bur the affluent citizens and local doctors were skepd-
cal When a 1990 survey found low blood lead levels, residents seized
on the results as proof that there was no problem. The cornmu-
nity’s view apparendy was vindicated by the indings af an inde-
pendsar technical advisory committee (1). Soil lesd at Smuggier
Mountain, the six experts concluded, did not pose an immediate
health problem, and so the EPA clesnup was abandoned in favor
of minor precautonary measures.

Although many communities weicome EPA and fight for more
cleanup action, not less, Smuggler Mountain has noc been slone
in rejecting offictal advice about the hazarda of living in a high-
lead environment Even though the scil lead trigger values that pre-
viously prompted action have been superseded by use of a pre-
dictive model, the controversy aver healith risk assessment has
persisted. Communities such as Palmerton. PA, continue to fight
against environmental cleanup, citing low biood lead leveis as proof
that cheir health is not at risk.

These discrepancies betwesn hlood lead maasuraments. the most
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An EPA-ordered cieanup of lend-contaminsed seil in Thwreop, Pevsayivenia,

waa welcamed by resisents ia 1998 But other com-

munities Aave disputed EPAs heatth risk sesessment of lsad exposare smd criticized e Agancy’s sssesament mwthods.

widely accepted biological index ui'lead exposure, and
EPA's mndel predictions of blood lead levels have
called into question the Agency's approach to health
assesament at lead-contaminated sites and pro-
voked a major revision in the past year. But as EPA
begins to impiement the new approacts, fleld trials
of the risk mode] are demonstrating just how difft-
cult it is w accurately predict a community’s health
risk from lead exposure.

Lead in soil presents a heaith risk to young chil-
dren. the populabon most at risk. because they {n-
gest some soil as part of their hand-tw-mouth acriv-
ity. But how much they ingest depends on many
poorty constrained physical and behavioral factors.
In turn, the absorption of ingested lcad, measured
hy bioavailability, is controlled by factors that in-
clude the physical and chemical characteristics of the
lead-bearing mineral and the physiology and ne-
tabolism of the child. To make matters more com-

* plicated. soll is not the only source of lead; expo-

sure also can come from paint, air, water, and food.
And numerous epidemiologicul studiss have shown
that children can be at risk without manifesting any
obvious sympeoma. An increased undersaanding of
these adverss effects prompted the Centers for Dis-
¢ase (ontrol and Prevendon (CDQ) to lower the ac-
ceptable blood lead level three dmes in the past 20
years. creating an ever lower target for risk asees-
sors (2).

Kaoging up with science

To address these difficulties, EPA has spant five years
improving its peedictive modei and developing new
guidancs. Published in Febeuary 1994, the revised [n-
teyrated Exposure Uptake Biokinetic model (IEUBK;
version 0.99d) and the accompanying guidance roan-
ual {3) change some default parameters and pro-

vide new guidance on using the model to estimate
bload leveis acToss a community, The modet also ad-
dresses how to evaluate uncertainty in predicting an
individual child’ biood lesil level, Although the model
is being vsad on all new risk assessmenty at sites cove
ered under the Comprehensive Environmentai Re-
spouse, Compensation., and Liability Act and the Re-
source Conservadon and Recovery Act, a validation
gxercise cornparing model predictions with data from
different sites is under way. The resuits from these
trialy are Leing used by EPA to refine the model.

An Office of Solid \Yaste and Emergency Re-
sponse (OSWER) interim directive published in July
1994 (4) specifies that the model should be used by
risk assessors on a site-specific basis o find the soil
lead levet chat would result in an estimated proba-
bility of no more than 3% that children’s biood lead
values exceed the 10 pg/dL CDC level of concerm. The:
directive also provides guidance on choosing reme-
disl measures for reducing health risk.

A major change introduced by the modei and
guidance is its focus on “small-scale” risk assess-
ment. Previous madeis have assessed community risk
moat commoniy by ustng an average soil lead con-
centration to caiculate an estimated blood lead dis-
tribution for the entire community. However, the
manuat ernphatically rules out broad-brush assesa-
ments based on a community-wide average of soil
lead concentrations as examples of “garbage in, gar-
bage our” risk assessmert. “The home and it sur-
rounding yard is the basic unit for risk analysis be-
cause laad exposure for pre-school children
commoaly occurs within this domain.” the manual
states,

“We know that there is a great deal of variability
in soil lead concentration, and it is therefore not good
to take an average,” explains Susan Griffin, chair of
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How EPA's laad health risk mede! works
Whaen irformstion is svailabie on the distridution of lead con-
cantrations in & community, EPAs revised Imegrated Exposurs
Uptaks Biokinetic (ITEUBX) mode! cac sstimeta the fractien of
childran that will heve blood lead concentrations that exceed &
Mafcurm(cum 10 pg/dL). Four components comprue
tha model.

{1} Exposure reistes anvironmentst lesd concentrations 1o
age-dependent intake of lead into the gut.

(2) Absorption relatas the smount of lsad n the digastive
tract to lead entaring the body’s circulatory syste. Bioavadabil-
ity arters the calculstions here.

(3) Blokinetics distributes the lead among seven body reser-
voirs: plasma, red bload cells, kidnay, liver, other soft tiesuss,

sure, sbeorption, and biokinetics! yieid sn sstimate of the g
metric mesn blgod lead concentrytion for & chiid or childree
with the tame leed Bxposure. The uncertainty compon ent com
verts thir caiculated estimate it a real~world predicdon b
sccounting for differences hetween idividual chidren: wh
thay do, what ey w4t 8nd how their bodies absorb lsed. Thgd
variability component is reprasentad by 1 log-normal distri--
bution. The geometric standard devietion, representing the
spread of the data, is estimamd from biood lead survey deta.

Source: Refersnca 3 -
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the EPA Technical Review Workgroup for Lead, the
@roup that has coordinarrd development of the modal
over the past three years. “That is why we want to
wark on as small a scale as poestble.”

However, EPA critics argus that the model and
guidance have not changed enough. The new guid-
ance on community-wids estimates and prediction
uncertainties is seen as a failed atrempt  address
diffsrences in dividual behavior and commmunity de-
mographics, whereas the new values for parame-
ters such as ingestion rate and bioavailahility age sl
incorrect, crincs say. “Ths modet has been through
4 series of revisions and pardsi pasch-upe.” says Craig
Boreiko, suvironmental health manager for the In-
ternational Lead Zinc Research Organizadon, an in-
dustry-funded group. “Theee provide some improve-
ment, but they have nat been keeping pace with the
science. We are waiting to see what the Agency is
coming out with in terms of the ongoing validation
exercise,”

EPA’s task has been difficult because
the Agency has had to keep up with rapidly increas-
ing scientific inowiedge, according to Bruce Means,
chief of EPAs toxics integration branch. Operating
without a reguladon-mandated framework for Jead
heaith risk, EPA has had 0 adape its approach as the
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Uncartainty

CDC accepuble blood lead level has been repeat-
edly dghtened. The 1985 level of 23 pg/dL dropped
to 10 pg/dL in 1991 (2). “We operate on a site-
specific basis, which means we are more dexible agd
we have to gy for a moving target,” says Means.

EPAs guidance for dealing with lead contamina-
ton at hazardous sites has evolved since 1989 when
it relied heavily on a CDC report suggesting that soil
lead concentrations of 500~1000 ppm were accom-
panied by a rise in blood lead levels. “That range was
intended to guide decision makers ar our sites,”
Means says. “Bu( we didn't provide a lot of discus-
sion about the range. | dont mean to imply that what
we did was wrong it't just that there were fewes twols
available”

peswes
An integrated computet modei hias been the most in-
portant new tool to become avatlable. The ancestor
of today’s [EUBK model was first developed by the
EPA Office of Air Quality Planning and Standards to
integrats exposure from lesd in aig, water, soil, dust,
diet, and paint. with pharmacokinetic modeling to
predict bload lead levels in children. The biokinetc
paramerers developed for the modei in 1985 were ex-
trapolated from long-term (eeding studies of infant



and juvenile hahoons. autopsy data on human chil-
dren, and other sources. Although the model has be-
come more compilex with additonal components,
and the parameters have been updatad, its basic
structure remains the same.

EPA’s Science Advisory Board {SAB), in its 1991 re-
view of the model, endorsed this structure as & sound
and vaiuable initiative for evaluating and control-
ling human exposures 0 lead. But, concerned with
the potenaal for incorrect use of the model, the SAB
also recommended more detailed guidance about
data acquisition, use of defauit parameters, and sta-
tistical analysis. These recommendations are em-
hodied in the model's new guidance manual.

Supplied with a mix of site-specific and default
data, the [EUBK mode{ describes environmenml lead
inuke, absorption, and eljminadon. Site-specific in-
puts include the concentratons of lead. in soil dust,
water, diet, and air. These are combined with de-
fault paramecers for ingestion rates to give a total up-
take of lead from all sources by the body, The ab-
sorption and biokinetic components relate total
uptake to blood lead levels. This calculared result is
interpreted to be the geometric mean of a log-
normal discribution whose variability is character-
ized by an sasumed geomeqic standard deviation
(GSD). The default GSD valiue is based on epidemi-

Predictioas versns reality:
Testing the [EUBK medel
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ology studies at Superfund sites (3). Although EPA has
finished checking the new version's equations and
computer axde, the companson with field dat is con-
finuing,

Devising an effective lead healcth nisk mode! is
tlearly a difficult and compiex undectaking, so it is
fair to ask whether risk assessments should be based
on blood lead surveys instead of computer model-
ing. After all, blood lead is the most widely used bj-
omarker, and model results (calculaced estimates of
blood lead) are often judged by comparison to ob-
served data. Howevet, good biood surveys are diffi-
cult and expenstve. It 1akes an epidemiologist to de-
sign a good blond survey and a specialized laboratory
10 anafyze blood lead. [n addition, the short half-
life of fead in blood (about 35 days) means that for
situatans in which lead exposure is variable or in-
termittent, such s cases aof environmental expo-
sure, blood lead provides only limited information
(5.

There is also concemn that when communities fear
a lead poisoning probiem, peopie immediately re-
strict the activity of their children, causing a change
in their contact with lead and an unrepresentative
blood lead study, says Paul Mushak, a mecal toxic-
ity researcher and consultant in heaith and chemi-
cal sciences in Durham. NC. Indeed, because there

"‘-6.-".

wﬂnmummdh mMﬁuu: .

mmmumnﬁmm
mnmmm'mdd\lta}
mmm«mm ‘hmﬁ-

mm:umudm mmmm

VDL A NG & 3R ENVIRONMENTAL SCIENCE & TECHNMLOGY w 189 A



mmmmmumm.- -
mmmmmlmmmmm,,
in adurs resides in the bones. X-ray Suorescence..g

Oﬂﬂwx-v‘mhmﬂ!ill..d;'\lmr‘-"
maent reflacts cumulstive oxposuce. Tt
Thera are twa XRF tachniques and a vigaraus .-,
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from "*'Cd w wxcite 75-kaV Pb-K X-rays. Becausy
of the different penetration depths of tha respec- ,
tive X-reyz, the two methods sample different parts
of the bone. LXRF. & sensitive tschnique used t -
study lsad-poisoned childres, looks &t the lead anly,
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1 absorption by the overlying skin, LXRF requires. ~
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decades to messure cumuistive occupstional ax-
pagure to leed, measures lead lockad deeperin. = |
the shin bone and provides a cross. section of bane
load contents. It s laxs sensitive. but more robust
than LXRE

is often a long time delay hetween discovery of a
problem and any blood lead survey, actions by reg-
ulatars or public health officiais also can modify ex-
posure to lead. For aample, at Smuggler Mountain
EPA fenced off the most significant source of lead,
a 40 ft by 600 [t berm of highly contaminated ma-
terial, in 1988, significandy modifying exposure 10 lead
years in advance of the 1990 blood lead survey.

However, Robert Bormschein of the University of Cin-
cinnati Deparunent of Environmental Hesith says that
well-designed blood lead sirveys are repressntativa.
“The whole issue of public gwareness is a rad herring,
Newspaper artcies are not enough to change behav-
ior. T do that you need severat things: You have to be
sure to reach the familles with children under six years
of age, and you have to get them to do something. But
peopie rarely act ou general information because they
wnd to betieve that it doesn’t apply to their child.”

Although a weidl-designed biood survey is acknowl-
edged to be of great value. Bornachein says that “as
peneral policy it would be unwise to do blood lead
testa regulariy. Using a good model is the right way
0 §0.” At issua Is whether (EUBK is the right model.
The consensus seems to be that, though not per-
fact, the model is a useful tool for estimating risk. The
new guidance manual seeks to address some of the
model's limitations, such ws uncertainty about key
parameters and variation caused by behavior and de-
mographics. Chief among these parameters are bio-
Availability and ingestion rate.

The discrepancies between the blood lead disti-
butigns estimaced by [EUBK's predecessors and the
blood lead survey results have been greatsr at sites
contaminated by mining activity, such as Smuggler
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der varying conditions of ©ponars, metabolism, and - N
. aging, messuryment of lead in done will become 2
ful adfunct iamarkar for defining a person’s Isad bure 3
den and previous history of lead exposurs and passid
theic risk for chronic dissasa,” he says: -

Mountain, than at wrban sites contaminated by smekt-
ers or barnery recycling operations. such as Throop.
Two speciai fearures of mining-related sites that have
been implicated as causes of these discrepancies are
the bicavailability of lead in vanous forms of mine
waste and the heterogeneous distribution of high soil
lead values. Indeed, for mining-reiated sites, the new
directive recnmmends site-specific assessment of bio-
availability and detailed evaiuation of the lead dis-
tribution.

Bleavailability sncertamtiss
Bloavaiiability, a measure of absorpdon, is in parta
function of partcie size and speciution. Although es-
timates of the relative bicavailability of different com-
pounxis can produce a ranking order, the model needs
abaolute bioxvailability values applicabile to the pop-
ularion most at risk—young children. Other compii-
cating factors include nuuiton—a heaithy diet re-
duces bicavailability—and intrimsic biological factoes
that differ from specics t0 species and even within
the same species ac¢ different stages of develop-
ment (6). Because simpie bench tests such as solu-
bility fail to measure the bebhavioc of various chem-
ical forms in the body, recemt research on
bipavailability has focused on animal testing.
Animal tests have used aduh and suckling rats,
guinee pige. and weanling swine in an attempt to find
a species and a stage of development mast relevant
in assessing the bioavailability of {ead in children.
Young children abeorb 40-50% of ingested lcad, about .
four times more than adults, who absorb 10-15%; a
similar reladonship between absorption and devel-
opment has been demonstrated in other animals. As



a result, FPA regional toxicologist Chris Weis advo-
cates experinents with weeniing swing because their
lead abearption physiology closely resembles that of
young chjldren. "By using an immature animal we
can address che developmental [ssus. We think that
this Is right scientificaily, aithough studies using rats
and other animals provide needed information about
comparative physiology,” he says.

The validity of earlier animal studies has been
yuestioned because they used extrenely high doses,
34 orders of magnitude higher than what a child is
thought to ingest, Weis says. As a result these stud-
ies greadly underestimuted absorpdon. Lead absorp-
don in the gut exhibits a curvilinear dose-depen-
dent respoase. Human data and animal studies
indicate that the rate of uptake decreases as the doce
increases (6), a relationship consistent with an over-
load of the active transport mechanism at higher
doses. New studies point to higher rates of absorp-
don at lower doses.

Weis believes that a consensus is emerging among
academics, industry, and agency researchers about
twow to design animal experiments. He believes that
knowledge gained from animal research will form the
basis for designing powerful bench tests that can bet-
ter predict bioavailability. “We would like to be able
to collect a handful of soil, look at it very carefully,
possibly using elecron microscopy and some com-
pasitional analysis, and then predict the bioavail-
ability,” he says.

Rebavies plays 2 rele
Binavailability clearty has a bearing on risk assess-
ment at former mining sites, but when the expert
panel at Smuggler Mountain reviewed EPAs work,
bioavailability alone was not found to be responsi-
ble for the overestitnate of risk. Citing low soil in-
geston rates estimatad by Edward Calabrese in 1389
{7, the panel argued that EPAS rate was 100 high. But
the most recent work by Calabress, who is based at
the University of Massachusetts School of Public
Health (Amhersg), illustrates how etustve an accu-
rate estimate of these parameters can be. He mes-
sured the amount of soil ingested by 64 chikiren and
found that excessive soil (ngestion may be mote com-
man than previously thought (8).
In addidion (0 soil ingestion, a great many viher
. imporwant behavioral and demographic variables are
beginning to be recognized. “We know that factors
such as hand-to-mouth activicty, family sirucrure, and
parenting style are irnportant.” says Bornschein, “and
the modal currently cannot adjust for these fac-
tors.” EPAS Susan Griffin acinowiedges the impor-
tance of such information and says that thers are
plans to incorporate behavioral and demographic
site-specific data into future versions of the model.
New results from EPA's ongoing validation stud-
jew, released in March at a meeting of the Society of
Toxicology in Balimore, MD, attest to the impor-
wance of lncorporating more site-specific dat into
the model. Dat from a Granite City, [L, atudy relat-
ing environmental and blood lead levels on an in-
dividual basis were compared with [(EUBK predic-
dons hased on the sams environmesital dam (9). The
match betwsen actual biood levels and model pre-
dicdons was poor when the model was run with the

only site-specific input being soi lead values. How-
ever, when the default parameters were mudified o
take into account site-specific behaviarai and socia-
demographic information, the match between the
data and the made! predictions significantly im-
proved.

EPAS new guidance requires site managers and risk
assessors tm thoroughly delineate the lead contam-
ination at hazardous sites so that they caa conduct
their anaiytis on the scale of households and neigh.
barhoods. This emphasis on small-scale risk assess-
ment is certainly a necessary transidoanal step to-
ward a more realistic, science-based appraisal of risk.
But this improvement. the aim of model develop-
ers and researchers. comes to the user communiry
without clear guidance on how (o apply the mode}
results to calculare a soil lead cleanup level

The smail-scale modeling approach embodied in
IEUBK wll need to incorporate site-specific behav-
iocal and demographic factors, but developers are saill
working on these improvements. In the meantime,
the OSWER directive specifies a risk arget: an esti-
mated risk of no more than 5% of exceeding the CDC
level of concern. But the directive fails m clearly iden-
tify to whom the analysis applies. According to the
directive it is “a typical (or hypotheticad) child or group
of similarly exposed children.”

Field workers must grapple with this ambigu-
ous advice, but Bornschein cautions that aithough
the new guidance marks a transition to more a¢-
curate and precise risk assessment. it strips away
the statistical power of the current modet. “Rigit now

. the means predicted by the mode} are pretty good.

But down at the individual level, the correlation is
very weak. If the model is used to determine clean-
ups on a house-to-house hasis, then it will miss at
both ends. They'll clean up some households that
don't need it but. more importandy, they’ll miss oth-
ers that do.”
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